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Abstract
Absolute is the plant aroma isolate mostly used in the food and fragrance sectors. The use of organic solvents constitutes the most commonly
used method for obtaining this aroma. However, this technique may leave trace amounts of solvents which are considered undesirable for these
industries. In this work, a new green extraction approach was implemented using ultrasound (US) with sunflower oil (SO) as a natural solvent to
produce green absolute from thyme (Thymus vulgaris). US optimal conditions for absolute yield were investigated using response surface
methodology (RSM) and compared to conventional SO (SO-CV) and hexane (Hex-CV) extractions. The absolutes were analyzed by GC–MS for
their chemical composition and tested for their antioxidant activities (total phenols, DPPH and frying test).
Optimized conditions obtained by RSM for absolute yield were T = 50 °C, t = 22 min, P = 98 W. The US using SO as solvent offers important
advantages: shorter extraction time, increase of 47% in absolute yield compared to SO-CV extraction. Although the absolute obtained by hexane
extraction provided improved yield (8.64 g/100 g DW), it contained around 75% of waxy materials. GC–MS analysis showed no remarkable
variation of the chemical composition of the absolutes compared to those obtained by hexane extraction. Moreover, the US extraction allowed the
highest recovery of monoterpene phenols thymol and carvacrol (86.2%). The absolute obtained by SO-US was free from waxes and organic solvent
residues and exerted the highest antioxidant activity. Results show that ultrasound extraction using SO is a good alternative. It suggests the
possibility of the production of green absolutes on pilot and industrial scale.
© 2017 Tomsk Polytechnic University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
The food and fragrance industries are interested in the plant
aroma compounds such as concrete and absolute. The concrete
is the plant extract with characteristic odor and flavor; it con-
sists mainly of volatile compounds and non-volatile waxy sub-
stances obtained by petroleum solvents such as hexane or
pentane. Then, the concrete is dissolved in ethanol solution to
reduce the waxy components which disturb the formulation,
allowing the formation of the absolute, the most faithful aroma
to the plant scent [1]. However, this extraction method may
leave trace amounts of organic solvents, which are considered
undesirable for these industries, because they are harmful to
human health and the environment [2].
At the same time, there is a big interest in green chemistry to
seek out for green extraction techniques that may reconcile the
challenges set by the economics, the society and the environ-
ment. The green chemistry is intended to develop extraction
processes, which reduce the energy consumption, allow the use
of natural solvents and ensure a safe and high quality product
[3,4].
Different absolute extractions using petrochemical solvents
have been reported for flowers such asNarcissus pseudonarcissus
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[5], Michelia Champaca Linn [1], Tagetes patula L. [6], and
Mimusops elengi L. [7].
Thyme (Thymus vulgaris) is a perennial herbaceous shrub
belonging to the Lamiaceae family. It is widespread throughout
the Mediterranean region [8]. This aromatic plant is extensively
used for food flavoring and is well known for its various ben-
eficial effects, e.g., antiseptic, carminative, antimicrobial, and
antioxidative properties [9]. Most of these biological properties
are mediated by thymol and carvacrol, the main monoterpene
phenol components of the thyme.
Different extraction techniques were conducted on thyme.
The essential oil was obtained by steam distillation [10,11] and
hydrodistillation [12,13]. The aroma active compounds of
thyme were obtained by other extraction methods such as
microwave assisted hydrodistillation [14], supercritical fluid
extraction [15], solid phase microextraction, pressurized liquid
extraction, Soxhlet extraction [16] and by the use of different
solvents [17].
Although the different characteristics of thyme extracts were
extensively studied, so far no reported works on absolute of
thyme have been conducted yet for food application.
Ultrasound (US) has been used for various processes in the
food industry. The technique is fast and allows the reduction of
solvents, thus resulting in a more pure product and higher
yields. This method has been applied to extract food compo-
nents such as antioxidants [18], aromas [19] and other organic
and mineral components from a variety of matrices [20–23].
The extra vibration of US improves the cavitation process and
the contact surface that occurs between sample matrix and
liquid solvent phase causing the rupture of cell walls, conse-
quently enhancing the recovery yield of available extractable
cell material [24,25]. The US was used for the recovery of
aromatic compounds from thyme by ultrasound-assisted
dynamic extraction [26]. It was also used in the thyme drying
process [27] and in the steam distillation of thyme EO [28].
In this work, a new green procedure using ultrasound, an
inexpensive and easy-to-use method for green absolute extrac-
tion from thyme (Thymus vulgaris), was conducted. Sunflower
oil (SO) was used as a substitute to organic solvents: a process
which is in line with green extraction concepts. The US extrac-
tion method was optimized using response surface methodol-
ogy (RSM) and compared to conventional SO and hexane
extractions. The chemical compositions of the absolutes were
analyzed by gas chromatography–mass spectrometry (GC-MS).
The total phenolic compounds Folin-Ciocalteu, the antioxidant
test 2,2-diphenyl-1-picrylhydrazyl (DPPH) and total polar
material tests (TPM) were also conducted on absolutes obtained
by different extraction methods. The objective of this study was
the implementation for the first time of a new green approach to
produce green absolute from thyme for food industry using
ultrasound apparatus and sunflower oil as an environmentally
friendly solvent.
2. Materials and methods
2.1. Plant material and chemicals
Sunflower oil was obtained from a local supermarket in
Avignon province (France), Thymus vulgaris (chemotype
thymol) was purchased from Flore en thym, SAS (south of
France). Ethanol (high purity 99.8%) and hexane were obtained
from VWR, (EC), Folin Ciocalteu phenol reagent was pur-
chased from chem-lab (Belgium), DPPH reagent and thymol
were supplied by Sigma Aldrich (Germany), methanol was
bought from Merck (Germany), and ethanol (96%) was sup-
plied by Brenntag (Belgium).
2.2. Extraction procedures
Solid–liquid ratio: The different ratios (plant material/
solvent) vary with the type of solvent and plant material used.
In this work, a ratio of 1/10 (w/w) was selected for the different
absolute extraction techniques. For a ratio above 1/10, the dry
matter absorbed all of the available solvent and increased in
volume resulting consequently in a lower yield. The combina-
tion of high absolute yields and higher amount of available
solvent was chosen since the ultrasound apparatus requires a
minimum amount of free solvent for extraction procedures.
Conventional extraction of absolute with hexane and ethanol
(Fig. 1a): Ten grams of thyme dry matter were soaked in hexane
(100 ml) and submitted to heating reflux for 2 hours. The solu-
tion was filtered. The hexane was evaporated on a rotary evapo-
rator at 40 °C giving the waxy residue called concrete. Ethanol
(high purity 99.8%) (20 ml) was added to the concrete, warmed
at 50 °C for 5 min to get a homogeneous mixture. Filtration of
the precipitate followed by evaporation of ethanol at 40 °C gave
a green absolute. Extractions were performed in triplicates and
mean yield values, expressed in g/100 g of thyme dry weight
(DW), were reported.
Extraction of absolute with sunflower oil and ethanol
(Fig. 1b): Ten grams of thyme dry matter were soaked in 100 ml
sunflower oil, so-called “oleo concrete (OC)”. The OC was then
extracted by US and Conventional methods (CV). Then, the
oleo concrete was filtered; ethanol (high purity 99.8%) (250 ml)
was added to the solution, agitated vigorously and allowed to
stand for 1 hour. The ethanolic solution was collected, partly
evaporated and refrigerated at −14 °C for 12 hours to eliminate
SO residue. The supernatant was collected and evaporated at
40 °C giving a yellow extract, the absolute. Extractions were
Nomenclature
Abbreviations
Abs Absolute
CV Conventional
EO Essential oil
Hex Hexane
OC Oleo-concrete
RSM Response surface methodology
SE Soxhlet extracts
SO Sunflower oil
US Ultrasound
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performed in triplicates and the absolute yields (g/100 g DW)
were reported.
SO ultrasound (SO-US) and conventional (SO-CV) extrac-
tions: US extractions were performed on OC solutions in a
Pyrex reactor with 4 × 12.5 cm internal dimension and
maximal capacity of 250 ml. The ultrasonic device used was a
titanium alloy microprobe of 6 mm tip (Ultrasonic Processor,
Fisher Bioblock Scientific, France) operating at a maximum
frequency and power of 20 kHz and 130 W respectively. The
double-layered mantle (with water circulation) allowed the
control of extraction temperature by cooling/heating systems
(Ministat 125, Germany). US extraction was compared to con-
ventional extraction by replacing the microprobe with magnetic
agitation.
2.3. Experimental design
In order to investigate the influence and relevance of the
operating parameters required during US extractions, a Central
Composite Design (CCD) was used to analyze absolute yields
from thyme leaves [29]. Three independent factors (namely
temperature (T), sonication time (t) and ultrasonic power (P))
were evaluated, as well as eventual interaction between these
variables.
The limit values of each variable range were chosen as
function of limitations of ultrasonic apparatus (minimum and
maximum power available in the device from 32 to 98 W,
temperature of extraction for absolutes 10–50 °C (the aromatic
compounds might degrade above 50 °C) and time of sonication
(from 7 to 23 min). Results involved a total of 20 experiments;
including six replications at the center point to evaluate experi-
mental error measurement, and randomized to avoid effects of
extraneous variables.
Variables were coded according to Eq. (1), where Xi is the
coded value, xi the real value of a variable, X i the real value of
a variable at the center point, and Δxi the step change:
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Experimental data for predicting absolute yields have then
been represented using a second order polynomial Eq. (2) as
follows:
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where Y is the response variable absolute yield (g of absolute
per 100 g of thyme DW). The results were analyzed using the
Statgraphics XV® software.
2.4. Kinetic study
Kinetic studies were conducted to compare the absolute yields
obtained by SO-US and SO-CV extractions according to the
optimum values of temperature, sonication time and ultrasonic
power, obtained by the experimental design. Kinetics were
performed at different extraction times (5, 15, 20 and 30 min).The
results were plotted as function of time. The experiments were
carriedout three times and the absolute yields obtainedbybothSO
extractions were compared to those obtained by Hex-CVmethod.
2.5. GC analysis
The absolutes obtained by conventional hexane (Abs-Hex-
CV), by conventional SO (Abs-SO-CV), and by ultrasound
extractions (Abs-SO-US) at optimal conditions were analyzed
by GC to identify their chemical constituents.
Fig. 1. (a) Conventional extraction of absolutes using hexane and ethanol; (b) green extraction of eco-absolute using sunflower oil and ethanol.
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Samples were subjected to a standard dilution 10% (w/w)
in ethanol 96%. A filtration in Nylon Syringe filters (0.45 μm)
was realized for the entire collection of samples before GC
injection. GC analysis was carried out on an Agilent 7890 gas
chromatograph coupled with a flame ionization detector (FID)
equipped with an automatic liquid sampler. Two types
of capillary column were used: VF-1 and VF-WAX
(20 m × 0.15 mm × 0.15 μm) from Agilent. Hydrogen was
used as carrier gas at a constant flow rate of 1 ml/min; the
oven temperature was programmed as follows: it started at
60 °C then increased by 15 °C/min until 250 °C for 7.5 min.
Injector and detector temperatures were set at 250 °C. The
internal normalization method was used for quantification of
the components of the extracts.
GC–MS analysis was carried out on an Agilent 6890 gas
chromatograph coupled with a 5973N mass selective detector
equipped with an automatic liquid sampler. The tentative iden-
tification was realized using the combination of a polar (VF-
WAXms) and an apolar (VF-1 ms) capillary column of
20 m × 0.15 mm × 0.15 μm from Agilent. The carrier gas was
helium at a constant flow rate of 0.8 ml/min and the oven
temperature was programmed as follows: it started at 60 °C
then increased by 10 °C/min until 250 °C for 11 min. A 1 μl
injection was made in split mode with a ratio of 1:200 with an
injector temperature of 250 °C. The temperature of MS source
and quadrupole were 230 °C and 150 °C respectively and the
mass scan is 40–400 amu. Compounds were tentatively identi-
fied using NIST 2005 library and Payan Bertrand internal
library of mass spectra.
2.6. Total phenol content
The samples obtained at optimal conditions were studied for
their total phenol content (TPC) using Folin Ciocalteu reagent
[30].
A volume of 100 μl of the filtered ethanolic solution of
absolutes (5 mg/ml) was introduced into test tubes followed by
1250 μl Folin-Ciocalteu reagent and 1 ml of a 10% Na2CO3
solution. The tubes were allowed to stand for 1 hour in the dark.
The absorbance was determined using a spectrophotometer
(Jenway 6300, UK) at 760 nm against a calibration curve. The
results were expressed as mg thymol equivalent per g of abso-
lute. Each assay was carried out in triplicates.
2.7. DPPH free-radical-scavenging assay
The antioxidant activity of the absolutes was measured by
bleaching the purple colored methanolic solution of the stable
radical DPPH [31].
The absolutes were prepared in ethanol (high purity 99.8%)
from a stock solution of 5 mg/ml).
Two milliliters of fresh methanolic solution of DPPH
(6 × 10−5 M) were added. The samples were shaken in the dark
for four hours.
The decrease in absorbance at 517 nm was determined using
a spectrophotometer (Jenway 6300, UK) for all samples. All the
samples were tested in triplicate.
The inhibition percentage of the DPPH radical was calcu-
lated according to the formula of Yen and Duh [32]:
I A Ai A= − ×( )0 0 100
where I = DPPH inhibition (%), A0 = absorbance of control
sample (t = 0) and Ai = absorbance of the tested sample
(t = 4 h).
2.8. Frying oil test
The antioxidant effect of the absolutes under heating condi-
tions was studied by the determination of Total Polar Materials
(TPM). The objective of this test consisted of studying whether
the addition of any of these extracts would increase the shelf life
of fried sunflower oil.
Each of the absolutes (0.80 g) was added separately to sun-
flower oils (100 ml) and the samples were heated under domes-
tic frying conditions, i.e. 180 ± 5 °C during several hours [33].
The temperature was monitored by a thermocouple (ATC-300)
inserted directly into the domestic deep-fat electric fryers. All
samples were evaluated before the first heating sessions and
every 1 h of heating until oil discard using a cooking oil tester
(Testo 270, Testo Sàrl, Forbach, France) which measures the
TPM value. A maximum value of 25% is tolerated in accor-
dance with the French law (Article 3-3 of decree No 86–857 of
18/07/86). This maximal legal content of TPM in frying oils,
including hydrolysis products (diglycerides, monoglycerides
and free fatty acids) and a complex distribution of oxidation
products encompassing polymers, is formed at temperatures
below 180 °C (French law No 86–857). The TPM value, usually
assessed in restaurants and the agrofood industry by fast com-
mercial tests (mostly based on colorimetric readings), has
proven to correlate well with values obtained by official stan-
dards [33].
3. Results and discussion
3.1. Experimental design studies
Three key variables that affect extraction of absolute yield
were studied in a central composite design, namely: ultrasonic
power, temperature and sonication time. Ultrasonic power
ranged from 32 to 98 W. The chosen ultrasonic power limits
were in function of regulation limitations in the ultrasonic
apparatus. Moderate temperatures were chosen with a range
of 10–50 °C since appropriate temperature setting is necessary
to avoid destruction of aromatic compounds as well as provide
an efficient application of US (US effects are known to
decrease with temperatures higher than 50 °C). Moreover, the
increase in cavitation phenomena is directly proportional to
the increase in the system temperature. However, at very
high temperatures, a decrease in shock waves is observed,
diminishing the effect of US [34], therefore, a maximum
temperature of 50 °C was chosen. Finally, the sonication time
range chosen (from 7 to 23 min) was short yet competitive
with conventional extraction, showing a potential future
industrial application.
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Since after a certain time cavitation bubbles do not continue
to absorb energy to grow and collapse [35] and the usual time
used for US extraction in the industry are usually not longer
than 60 min [36], 23 min was chosen as maximum limit. These
three controlled variables were studied in a multivariate study
with 20 experiments.
3.1.1. Results for absolute yield
Coded experiments and responses obtained for each run of
the central composite design were studied. The responses varied
widely as a function of parameter settings of the experiments
(from 1.975 to 5.428 g of absolute per 100 g of thyme dry
matter). Significance and suitability of the design were then
studied using a variance analysis (ANOVA) in Table 1.
Statistical significance of each effect (including interaction
terms, linear and quadratic effects) was tested by comparing the
mean square against an estimate of the experimental error.
Depending on the degree of freedom (Df.) involved, F-ratio can
be calculated (ratio of the mean squared error to the pure error).
With a confidence level of 95%, F-ratio significance can be
evaluated using the p-value column (significant effects have
been typed in bold).
Five effects were found significant at a 95% confidence level
in the experimental domain studied. Linear effects of the three
key variables (T, P, t) appear to be highly significant. The qua-
dratic effects of the temperature (T2) and the ultrasonic power
(P2) were also significant but less important than the linear ones.
The lack of significance of the cross-product terms (P.T, T.t,
P.t) suggests the absence of interactions between variables. The
experimental data obtained from the CCD allowed us to
determine an empirical relationship linking response studied
(absolute yield) and key variables involved in the model (in
coded units). Thus, a second order polynomial equation was
obtained:
Y T P t T
P
= − − − +
+ × −
4 81 0 030 0 102 0 157 0 002
0 92 10
2
3 2
. . . . .
.
where Y represents absolute yield (expressed in g per 100 g of
dry weight), P represents the applied ultrasonic power, t is the
sonication time and T is the temperature in coded units. Only
significant variables were shown (p < 0.05). The applied model
appears to be adequate for our experimental results at the 95%
confidence level. More than 89% of the variability of responses
was explained (R2 statistics > 0.890), asserting a good accuracy
and ability of the established model within the limits of the
range used [37]. R2 adj is a regression coefficient adjusted for
the number of coefficient involved in the model; it allows
comparison between models with different numbers of
independent variables and allows testing the level of suitability
to the regression coefficient. Its value (>0.79) indicates a high
degree of correlation between observed and predicted data.
3.1.2. Optimization of ultrasound extraction
A graphical representation can be introduced in order to
visualize the significant relationship linking levels of variables
and response studied (absolute yield). Fig. 2 depicts three-
dimensional plots, each plot highlighting the response behavior
function of two variables with the third variable fixed to its
central point. The most influential variables are the linear terms
of temperature (T), sonication time (t) and ultrasonic power (P):
absolute yield increases as temperature, sonication time and
ultrasonic power increase. The quadratic effect of ultrasonic
power (P2) and temperature (T2) has been illustrated on these
surfaces but with a less predominant influence as observed in
the Pareto chart (presence of weak surface curvature when
temperature and ultrasonic power increase).
Fig. 2 optimal settings for absolute yield maximization were
98.63 W for ultrasonic power, 50.18 °C for temperature and
22 min for sonication time. The absolute yield (8.31 g of abso-
lute per 100 g of thyme dry weight) predicted by the model was
verified experimentally since the highest yield was obtained
using the optimized settings with a value of 5.92 g/100 g DW.
This shows the importance of optimizing parameters when a
modification is done on one or various parameters such as solid/
liquid ratio, temperature or solvent. The absolutes were obtained
and optimized by US extraction, showing the viability of this
procedure with great yields using sunflower oil as solvent.
3.2. Kinetic study
To evaluate the impact of ultrasound extraction in optimized
conditions obtained from the response surface method, a com-
parison study was carried out between SO-US and SO-CV
Table 1
ANOVA for absolute yield in the CCD.
Source Sum of squares Df Mean square F-ratio P-value
A: temperature 0.0789702 1 0.0789702 26.99 0.0004
B: ultrasonic power 0.0539701 1 0.0539701 18.45 0.0016
C: sonication time 0.0633429 1 0.0633429 21.65 0.0009
AA 0.0188115 1 0.0188115 6.43 0.0296
AB 0.00056448 1 0.00056448 0.19 0.6698
AC 0.00149605 1 0.00149605 0.51 0.4909
BB 0.0195737 1 0.0195737 6.69 0.0271
BC 0.00220448 1 0.00220448 0.75 0.4057
CC 0.00645025 1 0.00645025 2.20 0.1684
Total error 0.0292591 10 0.00292591
Total (corr.) 0.267839 19
R2 = 0.890; R2adj (adjusted for Df) = 0.792.
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methods (Fig. 3). At 20 min, the extraction phase started to
reach a plateau, which marked the end of both extraction pro-
cesses. From Fig. 3, it is possible to observe that ultrasound
extraction increased in absolute yield by more than 47% com-
pared to the conventional one (4.03 and 5.93 g of absolute per
100 g DW for SO-CV and SO-US respectively). The compari-
son shows a clear improvement of the extraction, which is
attributed to ultrasonic cavitation, since it is the only variable of
treatment that differs in both experiments. This result shows
that US extraction allowed a better yield recovery which is in
accordance with different studies [25,38]. Indeed, the collapse
of the cavitation bubbles of the ultrasonic probe destroys the
glands of the aromatic plant, releases their content into the
medium, and increases consequently their extraction yield
[24,39].
3.3. Absolute yield and quality
Absolute yields obtained by both SO-US and SO-CV extrac-
tions at 30 min were compared to conventional hexane extrac-
tion (Hex-CV) (Table 2). The highest absolute yield was
obtained by Abs-Hex-CV with a value of 8.64 g/100 g DW,
followed by Abs-SO-US (5.93 g/100 g DW) whereas Abs-
SO-CV had the lowest yield (4.03 g/100g DW).
Although the conventional hexane extraction gave improved
yield, the absolute obtained by this method contained about
74.27% of waxy components.
The waxes were detected by precipitation in ethanolic solution
below −1 °C overnight. In fact, their limited solubility causes
clouding and renders the absolute inappropriate for some
formulations [1].Although filtrationwas conducted to remove the
majority of waxes, a high percentage was observed. Indeed,
different studies reported that absolute was not totally free from
waxes when extracted by conventional extraction solvent such as
pentane or hexane [1,6,7,40]. However, in the absolutes obtained
by both SO extractions, no precipitated waxes were found after
refrigerating the ethanolic absolute solutions.
As a result, the absolute obtained by hexanewas higher in yield
but was lower in quality than the ones obtained by both SO
extractions.The sunflower oil used as natural solvent gave a totally
dewaxed absolute which is more suitable for food industry.
3.4. GC–FID and GC–MS identification
GC–MS analysis was conducted to identify thyme absolutes
and compare the performance of the different extraction methods
(Fig. 4).
In the absolute extracted with Hex-CV, two monoterpene
phenols were identified representing 85.6% of the volatile part
of the extract having thymol as the major one (79.6% ± 1.1)
followed by carvacrol (6.0% ± 0.4).
The GC–MS analysis of the absolutes obtained by
SO-US identified two compounds which constitute 86.2% of
the volatile part of the extract. Thymol was the main
component representing 80.5% ± 1.3, followed by carvacrol
(5.7% ± 0.2).
GC–MS of the absolute obtained by SO-CV method showed
also the presence of these two monoterpene phenols represent-
ing 63.4% of the volatile part of the extract but with a lower
amount for thymol (59.7% ± 0.7) and carvacrol (3.7% ± 0.1)
compared to other absolutes.
Table 2
Absolute yields obtained by different extraction methods.
Yield ± SD (g/100 g DW)
Abs-Hex-CV 8.64 ± 0.23
Abs-SO-US 5.93 ± 0.35
Abs-SO-CV 4.03 ± 0.25
SD, standard deviation.
Fig. 2. Optimization of ultrasound absolute extraction by sunflower oil: abso-
lute yield investigation in the multivariate study: (a) absolute yield as a function
of temperature and power, (b) absolute yield as a function of time and power
and (c) absolute yield as a function of temperature and time.
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These results show that the absolute extraction methods
were selective for the recovery of monoterpene phenols unlike
other components such as terpenes; this might be due to their
low solubility in the different solvents used or to their degra-
dation during the extraction processes.
Moreover, the highest concentration of thymol, a marker
monoterpene phenol in thyme that plays an important role in
the overall biological activity of the plant or its extracts [41],
was observed in absolute obtained by US (80.5%) followed by
Abs-Hex-CV (79.6%) whereas the lowest amount was found in
the Abs-SO-CV (59.7%).
In addition to that, a moderate variation in the chemical
composition of the Abs-SO-US and Abs-SO-CV compared to
the Abs-Hex-CV was observed. Specifically, the profile
obtained in the Abs-SO-US was relatively similar to that pre-
sented by Abs-Hex-CV since they recovered approximately the
Fig. 3. Comparison between conventional (CV- ) and ultrasound extractions (US- ).
Fig. 4. Chemical composition of thyme absolutes by GC-MS.
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same thymol and carvacrol amounts (80.5% and 79.6% for
thymol and 5.7% and 6.0% for carvacrol in Abs-SO-US and
Abs-Hex-CV respectively).
Results show the effectiveness and the selectivity of SO-US
in extracting the monoterpene phenols (thymol and carvacrol)
resulting in a more pure extract. The controlled temperature
used in US extraction facilitated the recovery of these thermo-
sensitive compounds. Thus, the US using SO as solvent is the
best extraction method since no remarkable variation in the
chemical composition of the absolute was observed compared
to Hex-CV.
3.5. Total phenolic content
TheTotal Phenolic Contents (TPC) of the absolutes obtained
by different extraction methods are presented in Table 3. The
highest phenol content was observed in Abs-SO-US with a
value of 171.22 mg thymol equivalent/g. The Abs-Hex-CV had
a lower TPC (123.53 mg thymol equivalent/g) whereas theAbs-
SO-CV showed the lowest amount of TPC (73.64 mg thymol
equivalent/g).
Data on the total phenol content of thyme absolute are not
available. However, different studies on thyme extracts have
showed their rich content in phenols and flavonoids [17,42,43].
The highest phenol content of Abs-SO-US might be attrib-
uted to thymol and carvacrol contents in its composition
(86.2%), followed by Abs-Hex-CV (85.6%) whereas the Abs-
SO-CV had the lowest content (63.4%). It might be also related
to other phenolic compounds present inAbs-SO-US which have
increased its antioxidant activity.
This result allowed us to conclude that ultrasound extraction
did not degrade phenols; on the contrary, their concentrations
were increased compared to the non-sonicated samples. In fact,
ultrasonic degradation of phenols is normally slow in compari-
son with other volatile aromatic compounds that diffuse more
readily into the cavitation bubble for decomposition [44].
3.6. DPPH radical scavenging activity
The hydrogen atom donating ability of the absolutes was
tested using the stable free radical DPPH. Table 4 shows
the concentrations of each absolute required to scavenge
DPPH represented as inhibition percentage. A concentration-
dependent scavenging activity was found for the studied
absolutes. All absolutes were able to reduce the stable free
radical 2,20-diphenyl-1-picrylhydrazyl (DPPH) to the yellow
diphenylpicrylhydrazine with varying degrees of scavenging
capacities. Great bleaching action (from purple to yellow)
reflected a higher antioxidant activity and thus a lower IC50
(Table 4). Sonicated absolutes presented a lower IC50 (0.95 mg/
ml), representing a better antioxidant activity for those samples
when compared to the activity of extracts obtained by Hex-CV
(1.80 mg/ml) and SO-CV extractions (2.03 mg/ml). This is in
agreement with its higher concentration of phenolic contents,
which confirmed the usual correlation between antioxidant
activity and TPC [45].
The antioxidant activity of these extracts might be mainly
attributed to their monoterpene phenol compounds, which rep-
resent the main constituents of the absolutes. It is possible to
observe that the antioxidant activity of the absolutes is mainly
dependent on thymol concentration in their composition. In
fact, different studies have showed the high antioxidant activity
of this component [46,47] which is in accordance with our
results. Therefore, SO-US is an efficient method for absolute
extraction with high antioxidant capacity.
3.7. Frying oil test
The possible use of thyme absolutes in the frying process
for extending the shelf life of sunflower oil was conducted
by monitoring the TPM values during heating sessions at
180 °C.
Table 5 shows the heating hours required to reach a
maximum tolerance TPM of 25% in the sunflower oil samples.
All samples (sunflower oil used as control and its mixture
with each absolute) display similar TPM results since the total
heating times required to reach the maximal TPM value of 25%
were quite close (ranging from 10 to 12 h).
The addition of any of the thyme absolutes did not increase
the shelf life of the SO. This might be explained by the pro-
longed heating process which caused the degradation of the
natural antioxidants [26,48].
Table 3
Total phenol contents of Abs-Hex-CV, Abs-US-SO and Abs-CV-SO.
TPC thymol equivalent (mg/g)*
Abs-Hex-CV 123.53 ± 1.11
Abs-SO-US 171.22 ± 0.71
Abs-SO-CV 73.64 ± 0.95
* Values are mean ± standard deviation (n=3).
Table 4
Antioxidant activity of absolutes at different concentrations measured by DPPH method.
Inhibition DPPH (% ± SD) IC50 (mg/ml)
0.25 mg/ml 0.5 mg/ml 0.75 mg/ml 1 mg/ml 1.25 mg/ml 1.5 mg/ml
Abs-SO-US 14.61 ± 0.86 31.28 ± 0.33 41.34 ± 1.62 50.70 ± 0.95 61.83 ± 0.55 77.59 ± 1.48 0.95
0.5 mg/ml 1 mg/ml 1.5 mg/ml 2 mg/ml 2.5 mg/ml 3 mg/ml
Abs- Hex-CV 19.40 ± 2.54 35.31 ± 0.70 44.05 ± 0.66 53.72 ± 0.50 65.00 ± 1.40 75.14 ± 1.86 1.80
Abs-SO-CV 15.24 ± 0.99 25.01 ± 1.32 40.09 ± 0.11 49.19 ± 1.32 60.79 ± 0.09 70.72 ± 0.59 2.03
SD, standard deviation.
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4. Conclusion
A green extraction method is always useful and challenging
with only few modifications in the chemical composition and
characteristic of the molecules. The ultrasound technique using
sunflower oil as solvent offers important advantages over
SO-CV and Hex-CV methods: shorter extraction time, good
selectivity and higher recovery of monoterpene phenols, pure
absolute free from waxy components and organic solvent resi-
dues representing the strongest antioxidant activity and giving
rise to a purer aroma, more similar and faithful to the natural
scent of the target plant. The use of sunflower oil as natural
solvent facilitates the industrial application for absolute as a
natural ingredient in food formulations. Thus, this new green
approach is of great interest for green chemistry. It provides a
good alternative to conventional extraction; it can be used for
the extraction of valuable compounds from a large number of
aromatic plants which are widely used not only in food, but also
in fragrance and aromatherapy sectors. This suggests the pos-
sibility of the production of green absolutes using ultrasound
technology on pilot and industrial scales.
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